The following are some approaches in the study on the seismic wave characteristics for the earthquake resisting design. The seismic wave characteristics are in general explained by the statistical method using various records of strong earthquake wave and are expressed in the attenuation formula of the max. acceleration and also in the response spectrum. In this paper, we utilized the fault models modified from Haskell model and the specific barrier model for the magnitude (M) of earthquake on a scale of 6-8 and then we examined the seismic wave characteristics. Finally we have made comparison between the above results and those stipulated by the Specifications for Earthquake Resisting Design of Highway Bridges.
INTRODUCTION
The calculation of maximum acceleration response spectrum of the seismic wave used for the earthquake resisting design of structures in civil engineering is often based on the regression curve obtained from a large number of record of strong earthquakes as shown in the Specifications for Earthquake Resisting Design of Highway Bridges (SERDHB)1). This regression curve is drawn up, taking as parameters the magnitude and the epicentral distance which are measured for the respective ground conditions. However, it is found that seismic waves have different characteristics even at the same measuring point using the same parameters2, 3) and also the survey results indicate that structures located in the area along the fault plane near the seismic fault which is regarded as the seismic source in the event of a short-range earthquake, are likely to be hit most seriously4, 5 It is believed to be useful in the design of seismic wave to take into account the effect of the characteristics of seismic source and of the propagating process for the reason that the past record shows the earthquake is often a short-range and large scale one. Now a study is under way to explain the damage distribution by applying the fault seismic source model and to examined the simulation using response spectrum68.
In some cases, the time series wave-form of input seismic wave is necessary in the dynamic analysis. However, under the earthquake resisting design method of today the simulated seismic wave obtained either by the seismic motion statistically predicted from the records of a large number of actually observed earthquakes and data of by the average response spectrum4-2> is also often utilized as a highly effective method. However, no detailed examination has been made to observe how much the difference will be between the above methods and the one where the seismic motion characteristics are evaluated under the same conditions uisng the fault model with respect to the source mechanism available in practice at this moment.
Therefore, in this regard, it will be very interesting to study this subject. The authors have been studying the simulation method of seismic waves using the macroscopic fault model and the characteristics of amplitude and have obtained comparatively satisfactory results on this method13. This paper is aimed at making a comparative study of the characteristics of seismic waves (relationship between the max, acceleration and the epicenter distance, and the acceleration response spectrum curve) stipulated by SERDHB widely used now as the quake-resisting design method. It is also aimed at conducting a fundamental review of the technological evaluation procedure of the calculation results by using the fault model which has been generally used as simplified model, with attention paid to the difference of the characteristics of seismic waves due to the variation of the characteristics of source.
Study has been widely under way both from the theoretical and practical viewpoints regarding individual earthquakes in an attempt to uncover the minute details of the fracture phenomenon spread over the fault with the progress of the earthquake14>18. However, in this paper, the comparison is made between the average characteristics of seismic wave obtained from the fault model, which is readily available from the technological viewpoint, and those for the design of seismic wave. Two types of model are used as a fault model:the Haskell model19>, 20> and the Specific Barrier mode121. The former is a typical macroscopic fault model and has a relatively explicit calculation method, while the latter is a microscopic fault model made with respect to the lack of uniformity.
FAULT MODEL (1) Macroscopic fault model
The Haskell model is assumed to be a rectangular fault measuring in length L and width W, situated in an infinite space medium comprised of a uniform elastic body, in order to express the full detail of the structure of the fault in a simplified form as shown in Fig. 1 , while the movement (fracture) of fault is assumed to be propagated along the longitudinal direction from the end of the fault and the velocity of fracture propagation to be constant. It is found that dislocation occurs at an arbitrary point on the fault at the same time as the fracture front arrives, and such dislocation stops after a certain time r elapses (rise time), leaving the permanent displacement D (final dislocation amount). In this case, v and D are assumed to be equal at any point on the fault, and the time function (source time function) to be expressed in the ramp function as indicated in Fig. 2 (a) . The Haskell model is a macroscopic model to evaluate the fault movement and also the seismic wave generated therefrom. The spectrum of the seismic motion at the ground surface is to be calculated by multiplying the incident seismic wave spectrum which comes into the seismic basement multiplying by the transfer function between the basement and the ground surface. If the transfer function is H(w), In the case of macroscopic fault model, the short period component tends to be undervalued for the reason that the heterogeneity on the fault is not considered. In order to compensate for this, a special method is to be applied, such as providing fluctuation to the time function of dislocation, but the Specific Barrier model proposed by Dr. K. Aki et al. has been used recently as a fault model directly taking into account the heterogeneity effect on the fault (Fig. 3) . This model is base on the assumption taht the fault is an assembly of small elements (small circular cracks), the clearance of circular cracks is regarded as a barrier and the fracture of circular cracks propagates gradually on the fault. On this model, the Fourier spectrum of a strong seismic wave generated by the entire part of the fault can be evaluated by superimposing the acceleration Fourier spectrums of the seismic wave generated by the circular cracks, which can be calculated by the theoretical solution advocated by Dr. Sato and Hirasawa23. In this paper, the acceleration Fourier spectrum generated by the individual circular cracks is to be calculated by the above method and to be superimposed with the element acceleration wave in the time domain after being subjected to Fourier inverse conversion to create the compound wave. After being subjected to Fourier conversion again, the acceleration Fourier spectrum of the aforesaid compound wave is to be obtained. If the damping parameter of distance is Q (w) and the transfer function between the seismic basement and the observation site is H (w),
Where, FS:Radiation of double couple point source /3: 5 wave velocity of medium r: Hypocentral distance A (w): Acceleration Fourier spectrum of circular crack In this study, the acceleration Fourier spectrum of the seismic wave generated from one circular crack is calculated by the above method. Phase parameters are required in the case of Fourier inverse conversion into the time domain and uniform random numbers are entered in this paper. 
The Fourier conversion (G (w)) of source time function will be
-sin((n-1)wv/n) -sin(wv)) On the other hand, Dr. Kamiyama34) induced the expectation value of the acceleration Fourier spectrum by estimating the average image of spectrum from 228 element record of strong earthquakes in Japan, as well as considering the Specific Barrier model and then calculating the crack (patch) radius thereby. In this study, according to the results of Dr. Kamiyama's study, the parameter of the radius of the circular crack on the fault plane is to be set up for each level of magnitude, while assuming that all local stress drops are the same. Only circular crack radius (Ps), number (n) and local stress drop (4 6) are discussed here whereas dislocation (D), rigidity of medium (, u) and velocity of fracture propagation (VY) basically use the same parameters as for the Table 1 . The sequence of fracture propagation of circular crack is shown in Fig. 4 , wherein the expansion of fracture front on the fault plane is assumed to begin at an arbitrary point and to propagate toward the arbitrary direction. (2) Location of measuring points
The spectrum of body wave estimated from the fault model is subject to change by the locational relationship between the fault plane and the measuring point, i. e., the distance from the epicenter to the measuring point and the direction (0') of the measuring point with regard to the direction of fracture propagation of fault. It is known that the characteristics of seismic wave in the actual earthquake are affected by the epicentral distance and the measuring direction with regard to the fracture propagation direction.
In this paper, 7 directions, 8'=0, 30, 60, 90, 120, 150 and 180, relative to the direction of fracture propagation of fault, are analyzed in a study of the influence of direction. It is also acknowledged that there is difference in the characteristics of seismic waves even in the same direction if the epicentral distance is different. In this paper, 5 epicentral distances, d=10 km, 30 km, 50 km, 100 km and 300 km, are taken up to study the above. The location of measuring points are charted in Fig. S . In this paper, the depth of hypocenter is estimated to 30 km.
(3) Underground model It is necessary to determine the ground structure and to make a model in order to calculate simulated seismic wave of the ground and to make comparison with the seismic wave for design. Study is now vigorously under way concerning the structure of ground at the deep level, particularly in the Kanto area, and the basement and the structure of ground are gradually disclosed22). In this paper, while respecting the structure of ground around Tokyo, we have supposed the ground model with the horizontal boundary on the half space elastic medium, which presumes the seismic basement with parameters shown in Fig. 6 . On the other hand, according to the classification of ground condition stipulated by SERDHB, the ground model proposed here is equivalent to the second class of ground condition. The calculation results of the transfer function of the ground model introduced here using the multi-reflection are shown in Fig. 7. 4. RELATIONSHIP BETWEEN THE MAX. ACCELERATION AND EPICENTRAL DISTANCE
(1) Relationship based on SERDHB The SERDHB provides various regression curves depicting the relationship between the max. acceleration and the epicentral distance according to the classification of ground conditions. The classification of ground conditions used for analysis comprises 4 kinds from class 1 to 4. The ground model assumed here falls in class 2 category.
In the SERDHB, regression curve is obtained through the multi-regression analysis by assuming the seismic wave characteristics parameter (a) with regression curve formulas (7). The acceleration time series waveform is calculated using two fault models in the time domain by various parameters set up in Table 1 , and then the correlation between the max. value and the epicentral distance of measuring point is studies. As mentioned earlier, it is learnt from the calculation result with the fault model that the characteristics of seismic wave are varied even with the same epicentral distance if the relative position of the measuring point toward the direction of fracture propagation on the fault is different. In this paper, the max. acceleration is calculated in each case where 6' is 0, 30, 60, 90, 120, 150 and 180 and the variation range by the direction is charted in Fig. 8 (a) to (f) .
The locational relationship of the measuring point relative to the direction of fracture propagation is not reflected on the regression curve concerning the relationship between the max. acceleration and epicentral distance by the SERDHB. For this reason, it is appropriate to take the average value of the max. acceleration calculated on the fault model in each direction in order to compare with the result of calculation by the regression curve obtained by the SERDHB. Therefore, the average values are plotted and linked with bold line as shown in Fig. 8 (a) to (f) and compared with those of the SERDHB (drawn in broken line).
The max. value of the seismic wave at each measuring point on the ground surface, which is calculated by the Haskell model, is charted in Fig. 8  (a), (b) , (c) and that calculated by the Specific Barrier model in Fig. 8 (d) , (e) and (f), classified by the epicentral distance and the direction. In comparison with the results obtained by the SERDHB, those on the Haskell model, where d= 10-100 km, show lower value in the case of M=6 and conversely slightly higher one in the case of M =8, whereas they become similar in the case of M =7. Where d=300km, all the cases in M=6-8 show lower values. On the other hand, those on the Specific Barrier model are lower than those obtained by the SERDHB. This suggests that setting of parameters on both models needs to be partially revised but in this paper, this must be also attributed to the effect of change (non-lineaization) of the stiffness and damping capability corresponding to the strain level on the surface ground due to the possible influence of the surface wave component which has not been considered in this paper. As far as the variation by the measuring point direction relative to the direction of fracture propagation of the fault is concerned, the calculation results on the Haskell model are apt to present larger variation than the Specific Barrier model.
ACCELERATION RESPONSE SPECTRUM CURVE
(1) Acceleration response spectrum curve by the SERDHB The SERDHB provides the acceleration response spectrum through the analysis of earthquake, record of 227 elements from 68 earthquakes measured on the ground in Japan.
Following Housner's definition, the absolute acceleration response spectrum is expressed by SA.
The magnitude of the seismic wave acceleration does not directly affect the response spectrum and as the spectrum value can be the average value among many response spectrums, non-dimensional response spectrum of the response spectrum magnification j3 defined in formula (8) is used.
Zmax:Max. acceleration of seismic motion The calculation results of response spectrum magnification (damping constant h=0.05) on two fault models as per the SERDHB are shown in Fig. 9 and Fig. 10 with broken line in the following cases, where M=6 (corresponding to the case Where Mis 6 ( Fig. 9 (a) . Fig. 10 (a) ), the Haskell model shows almost similar values in case of d= 100 km. When d is shorter than the above, the response spectrum magnification becomes smaller in the long period domain whereas when d is longer, it is larger. On the other hand, the Specific Barrier model shows comparatively similar values in the case of d=4 km and 100 km. When d is shorter, the magnification becomes smaller in the long period domain in the case of d=10km and in the longer case 4=300km (Fig. 10 (a) ), it becomes Where M is 7 ( Fig. 9 (b) and Fig. 10 (b) ), the Haskell model shows almost similar values in the case of L I=300km (Fig. 9 (b) ), the shorter d is, the smaller the response spectrum magnification becomes in the long period domain. Conversely, the Specific Barrier model shows comparatively similar values in the case of d=10km, the longer d is, the larger the magnification in the long period domain.
Where M is 8 ( Fig. 9 (c) , Fig. 10 (c) ), the Haskell model shows comparatively similar values in the case of d=40km, 100 km. When it is shorter, the magnification becomes smaller in the long period domain whereas in the longer case, it becomes larger. On the other hand, the Specific Barrier model shows larger values in the same domain in both cases. As a whole, it shows larger values in the long peiod domain. When M is 7 and d is 100 km, the calculation results on the fault model become comparatively similar to those of the SERDHB.
It is revealed from the results that the Haskell model tends to show larger values in the long period domain when the epicentral distance is long. The variation by the direction is larger in the case of the Specific Barrier model.
CONCLUSIONS
The following summarize the analytical results of this paper.
(1) Comparison was made between the seismic wave characteristics in the case using the fault model and those for design as regard the relationship between the max. acceleration and the epicentral distance. As a result, it is found that the Haskell model shows comparatively similar values in a range d=10km to 100 km when M is 7, but smaller' values at d=300 km in all cases when M=6 to 8. On the other hand, the Specific Barrier model shows smaller values in all cases. In this regard, it is -15) necessary to amass research and study to allow parameter for the model under this method. As regards the fact that the magnification tends to be lower as the epicentral distance becomes larger, it is necessary to consider the effect of the surface wave component. (2) In order to study the characteristics of period of seismic wave calculated here, the acceleration response spectrum magnification curves are calculated and compared. Consequently, it is noted that there is a conspicuous difference between both fault models, that is, the Haskell model tends to show smaller valves in the long period domain when the epicentral distance is short but the Specific Barrier model larger values in the same in in the longer distance. The variation by the direction is likely to be larger in the case of the Specific Barrier model and the variation of the characteristics of seismic wave is greatly affected by the direction.
